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Abstract
This work is intended to analyze an interference mitigation model between Small Cells in a dense scenario by using computational
intelligence techniques and study the behavior of the mobile users batteries. This is of great importance in the planning and
implementation phases of Small Cells networks, since many parameters must be taken into account, about which little or even
no information is initially available. Furthermore, we are concerned with the allocation of equipment in such a way to provide
the best performance. We observed a problem related to the overall optimization of the system, in which case the use of Genetic
Algorithms (GAs) proved to be very eﬀective. In order to address this problem, we ﬁrst developed an analytical model, in which
we could compare the SINR (Signal-to-Interference-Plus-Noise Ratio) values before and after the application of the clustering
model and, later, in order to validate the model, we executed simulations and evaluated the Quality of Service (QoS) parameters.
We noticed signiﬁcant improvements in the SINR, achieving about 80% of the Small Cells and keeping the battery consumption
behavior stable. Through the simulations, we observed improvements in the quality of the service oﬀered to the users, such as the
reduction in the lag above 33%, as well as a drop in the number of lost packets.
c© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.
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1. Introduction
Wireless or Mobile Links - ML are becoming the main form of transmitting information. For this reason, Small
Cells come out as a central solution, since they are the only available solution in some environments in order to
get high quality in data and voice services1. Many companies that oﬀer telecommunication services have evaluated
options in order to ﬁnd a more suitable way of meeting their subscribers needs, and for 60% of them, Small Cells
appear as a fundamental part in the deployment of 4G networks2. In 20163 Small Cells will cover about 25% of all
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mobile traﬃc, and the manufacturers of the related equipment expect to insert in the market about 36.8 million units
and make proﬁt around $20.4 billion dollars4.
4GAmericas5 presents the Small Cells or set of Access Points (APs) with low-frequency and low-power as a way of
giving a signiﬁcant contribution to the increase in the capacity and traﬃc ﬂow of Next Generation Networks (NGNs),
with an eye on the ongoing changes in the bandwidth consumption and speed patterns of mobile data networks.
This increase must take account the appearance of novel technologies, such as 5G. However, Small Cells networks
architecture is not mature yet, because their deployments are still in starting stages.
In this context, countless challenges must be understood and overcome, such as the eﬀective power management
for deployment of economically feasible Small Cells networks6 and even studies on new paradigms of indoor/outdoor
spectrum provisioning7.
In8, it was shown that by reason of Small Cells presenting a smaller perimeter coverage compared to macrocells,
several APs must be positioned close to one another, causing the dense deployment of such cells, and9asserts that
the lack of planning in deploying dense environments Small Cells or DenseNets could result in severe interference
problems. For this reason, in this work we analyze an interference reduction model between Small Cells placed in a
dense environment. The model uses computational intelligence techniques, namely Genetic Algorithms (GAs), where
the scenarios involving the deployment of such networks were proposed by10, which are intended to be applied in
ﬁfth-generation networks (5G).
This article is organized as follows: in Section 2, we present some challenges found at the management of dense
Small Cells networks or DenseNets; in Section 3, we model the problem by using GAs; in Section 4, we present the
variables used in the sensitivity study and describe the validation process; Section 5 presents all the parameters used
in the simulation and how it was executed and, ﬁnally, in Section 6, we present the results achieved with the execution
of the GA by the mathematical model and the simulation.
2. Challenges at the reduction of interference
There are various studies on the interference between Small Cells and Macro-Cells, occurring in environments
known as heterogeneous networks or HetNets. Some of these studies aim at solving the problem of association of users
to base-stations11, others propose algorithms that reduce the interference level with Macro-Cells12. Nevertheless,
there must be a thorough evaluation of the interference between the Small Cells themselves13.
Two situations, among many, must be specially observed at the creation of dense environments. One of them is
the adjacent channel interference, the other is co-channel interference14. The former inserts distortions during the
sending and reception of data when there is some kind of Small Cell (micro, pico, femto, atto, etc.) covering the same
perimeter using close frequencies; the latter, in turn, is related to the use of the same frequency range by more than
one Small Cell inside the same coverage area.
Where there is reuse of band, leading to interference between the Small Cells, the phenomenon is called co-
channel interference. In some situations, this problems reduces the SINR to extremely low levels, hindering any kind
of information exchange.
3. Modeling of the problem using clustering and Genetic Algorithms
For a better visualization of the procedures adopted in this work, the Figure 1 is presented below:
Fig. 1. Flowchart of the AG procedures.
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Group individuals with similar characteristics in order to solve problems, such as the performance increase at
power usage in indoor environments15 or even to improve the capacity of the system with respect to the allocation
of resources for16 is a deeply studied matter. Among other ways, this clustering can be achieved by evolutionary
computing. In the GA, population of individuals are created and subjected to genetic operations, such as selection,
crossover and mutation, with the purpose of simulating the evolution of biologic species and obtain the ﬁttest individ-
ual (conﬁguration). This work is based on these techniques.
The number of clusters and interference power values come from17, which was implemented in18. In the present
work, we describe a new way of arranging the Small Cells in some clusters. However, we start in the same manner as
in those works, that is, for each node we compute the SINR values before clustering and after by means of Equation(1):
S INR =
S ource Power
(
∑
Pot inter f erence ∗ λ + N0) (1)
In the numerator, we have the Source Power, whereas in the denominator, we have three variables: the sum covers
all the values of the interfering nodes, N0 is the value of the white noise of the channel and λ is density, which indicates
the percentage of Small Cells turned on at a particular time. With the SINR values of all nodes, the number of cluster
is estimated in the following manner: if the SINR value is below the minimum threshold established (L), where the
threshold is a power value in dB, then a new cluster is added. Otherwise, no cluster is added.
In order to ﬁnd all the interference values caused by the Small Cells, we needed to insert a virtual user into the
mathematical model. This user is characterized by a spatial point in the scenario. Each one of these points was
associated to a Small Cell and the distance between them and the Smalls Cells which they were associated was 3
meters. For this point, we computed the power of the source node and the power of each interfering node. The
received power value is given by (2), and its value is used to compute the interference value through (3):
Pr =
EIRP ∗Gr
Ls
(2)
In Equation (2) in the numerator, we have the product of EIRP, which is the irradiated power with respect to the
isotropic radiator, Gr, which is the gain of the antennas of the APs and Ls is the path loss.
Wi j =
Pi
P j
(3)
In Equation (3), Wij stands for the interference that j causes in i. These values are derived from the column or row
index of a matrix whose values are the identiﬁers of each Small Cell in the scenario. So, if we have a 10 x 10 matrix,
W12 means that we will compute the interference caused by the Small Cell 2 causes in Small Cell 1. Pi and Pj are
the powers of the signals received from the source and the interference, respectively.
In order to execute the next step, we wrote a piece of code for MATLAB19 which generated 20 individuals, that
is, 20 chromosomes and each one of them had 60 Small Cells. This starting generation of individuals was then
reinserted into MATLAB to give randomness to the original process, which is the collection of input data for the
second algorithm.
At the execution of the GA, we needed to extract the parents of the 20 individuals, which were the chromosomes
that presented the best features related to the increase in the SINR value for all the Small Cells. Therefore, this
growing parameter was used to determine the ﬁtness of the individual and its possibilities of passing to the selection
stage.
The selection method used was the roulette wheel, in which the ﬁttest individuals (those with the highest SINR)
have a higher chance of being selected. We used the PMX - Partially Mapped Crossover to avoid internal Small
Cell redundancies inside each chromosome. All the stages of the GA occurred recursively until the stop criterion was
achieved, which is 1000 generations and to improve the visualization of procedures performed by the AG, its activities
are described through algorithm or the pseudo-code below:
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Algorithm 1: Procedures performed by the Genetic Algorithm
Data: INITIAL population of solutions (individuals)
Result: STORE the individual with the best ﬁtness
begin
Create a random initial population of solutions (individuals);
Initial population becomes the actual generation;
epoch←− 0;
stopcreation←− 1000;
while epoch < stopcreation do
FOR each individual of the actual population;
COMPUTE ﬁtness of the individuals;
SELECT parents from the actual population by using roulette;
CROSSOVER the selected parents, generating children;
FOR each generated child;
TEST for a possible chance of mutation;
Children become the actual generation;
epoch + 1;
end
STORE the individual with the best ﬁtness;
end
In order to know which chromosome is the ﬁttest, i.e., the chromosome that presents the ﬁnal answer to our
problem, among 31 possibilities after 1000 times, we used the central limit theorem. The theorem shows that having
a number of samples above 30, the distribution of the mean values is almost normal, therefore, the distribution of the
mean values of the sample tend to be the same as the mean of the population.
So, the GA was executed 31 times, resulting in 31 diﬀerent chromosomes, with 60 positions, each position repre-
senting a Small Cell of the scenario. The mean received powers were computed for each of the 31 chromosomes, and
then we computed the mean of these 31 new values.
Finally, we computed the conﬁdence interval of these 31 new values with a error margin of 5%, which propitiated
the selection of the chromosome which had the mean of the received powers closer to the upper limit of the conﬁdence
interval, which represents the SINR after clusterization.
4. Validation
At this time, for the analytical model, we created two scenarios in the OPNET20 Modeler 17.5 a simulator (Edu-
cational Edition), one with 6000 m2 and other with 10.000 m2 based on21, each one containing 60 Small Cells as one
can see in Figures 2 and 3, respectively.
Fig. 2. 60 Small Cells placed in 10 x 10 meters Fig. 3. 60 Small Cells placed randomly
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The ﬁrst scenario had cells in horizontal/vertical lines, and the distances between cells was of 10 meters. This
scenario was called the ﬁxed scenario. In the second one, called random scenario, the Small Cells were deployed
randomly.
Since the Release 8 of LTE (which is supported by the simulator used) has an extension of the use of 60MHz of
the spectrum in Band 01 of FDD (Frequency Division Duplex) and the model defended by18, besides using this band,
also presents 16 or more clusters for both scenarios proposed in this work, we opted to use only 4 and 6 clusters. This
is because every increase in the number of clusters leads to a reduction in the spectrum eﬃciency, due to the reduction
in the bandwidth used by each Small Cell.
5. Simulation
We monitored the performance of 4 nodes, each one being in a cluster during the division into 4 sub-bands. These
node were taken into account again during the division into 6 clusters, in order to favor the achievement of results that
reﬂect the possible changes in the experiment. Similar positions of the analytical model were used, in which neither
user stations nor the Small Cells move and the Warm-up imposed was of 100 seconds. To monitor the behavior of the
battery model adopted, we implemented the linear model with the same parameters as in22 in OPNET.
C = C′ − I ∗ Td (4)
The Equation 4 describes the linear model that allows to calculate the remaining charge C of a battery, being C’ the
charge of the battery at the beginning of the operation, I the constant discharge current during the operation and Td
the duration of the battery. The remaining charge is computed every time there is a change in the discharge current.
L = 37 + 30 log10 R + 18.3n(
n+1
n−1−0,46) (5)
The equation 5 in which the variable R is the distance, in meters, between the transmitter object and the receiver
and the variable n represent the number of ﬂoors of the building, which in this case was zero, presents the mathe-
matical model called Oﬃcce environment ITU-R M.1225 that was the model of propagation loss used in this work,
considering the indoor environments constructed from the representation of a hospital21 with 120 x 120 meters.
To this end, changes were made into the OPNET in the phy simulation module, using C++ language. The load
used in the simulation was of File Sharing, since it meets the standards deﬁned by the 3GPP TR 25.896.
6. Results
First, we will present the results coming from the mathematical model built in MATLAB, which present the SINR
values before and after the clustering. Then, we present the results used to validate this work. From these values, we
performed the analyses and came to the conclusions about ﬂow, packet loss and delay. Furthermore, we analyzed the
behavior of the battery model with respect to the use of the GA.
The experiments were made in four computers equipped with 2 GHz processors, 4 MB of cache and 8 MB of RAM.
The computational load (concerning processing time) for each experiment/simulation was of about 6 hours (real time)
to test a random and dynamic scenario in 300 seconds of simulation in OPNET, using the linear power supply model
developed for this work.
At ﬁrst, there was no clustering, and no node could communicate with the server due to the high interference.
6.1. Fixed scenario
By the results seen in Figures 4 and 5, we observe that the proposed model led to a considerable raise in the SINR
for more than 80% of the APs that were allocated in each scenario.
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Fig. 4. Comparison of the SINR value - 10 x 10 meters 4 clusters Fig. 5. Comparison of the SINR value - 10 x 10 meters 6 clusters
We observed that while the scenario was divided in 4 clusters, some Small Cells reached a maximum ﬂow value
at diﬀerent times, as shown in Figure 6. However, after they were divided into 6 clusters, the APs had practically
the same behavior, as observed in Figure 7, which contributes to an improvement in the performance of the services
oﬀered by the Small Cells.
Fig. 6. Throughput with 4 clusters 10 x 10 meters Fig. 7. Throughput with 6 clusters 10 x 10 meters
A considerable loss of packets was noticed after ﬁve minutes of simulation with division in 4 diﬀerent sub-bands,
which did not happen with the division in 6 clusters, where the loss of packets at the receiver is fairly smaller, which
means a better quality of the service provided to the subscriber as one can see in Figures 8 and 9, respectively. The
GA reduced the lag in more than 33% at the moment the data is received.
Fig. 8. Loss of packets - 4 clusters Fig. 9. Loss of packets - 6 clusters
The linear battery module presented very similar charge reduction rates for both cases, 4 and 6 sub-bands. For the
division in 4 clusters, there was a consumption peak of 0.46 mW at node 27, whereas in the division in 6 clusters, this
peak was of 0.42 mW for nodes 57 and 27 after 5 minutes of simulation.
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6.2. Random scenario
In the representation of the random scenario, we found totally diﬀerent data with respect to the SINR. It is observed
a raise for this parameter in all the Small Cells, where the highest peak was found for the division in 6 clusters, Figure
10, above 45 dBm, against nearly 35 dBm in the scenario without clustering.
Fig. 10. SINR value - random distances - 6 clusters Fig. 11. Throughput for random distances
By the results presented in Figure 11, we observe that even when the Small Cells were randomly allocated, the
ﬂow behavior in bits/s was quite similar to that found when the distances between the APs were the same. For other
QoS parameters, similar conditions were found and this was also valid for the battery in the user’s equipment.
7. Conclusion
The technique presented in this work proves to be useful to cellular network providers at the time of planning these
networks, considering the economic and strategic values provided by ﬁfth-generation networks (5G) with the new
market scenarios and actions in diﬀerent areas (e.g., home and/or remote surveillance, e-health, transport and logistics
or smart power grids)23
This work intended to contribute to the mitigation of interference in highly dense Small Cells networks, that is,
we sought the reduction of the co-channel interference through a meta-heuristics, where we observed improvements
above 80% in the SINR with the application of genetic algorithms in order to divide the APs in clusters that use
diﬀerent sub-bands for the traﬃc of subscribers data.
The GA also propitiated a signiﬁcant improvement in the QoS parameters of the scenarios, where we observed not
just improvements for a single AP, but a improvement in the quality of the services oﬀered to the subscribers in a
great slice of the whole set of Small Cells, mainly when the scenarios were divided into 6 sub-bands, that is, when the
algorithm separated the Small Cells in a higher number of clusters. In addition, this fact did not lead to higher power
consumption by the users’ equipments.
We propose further research using diﬀerent loads and densities, one evaluation of a greater amount of Small Cells,
which due to the hardware used was not possible, considering that the simulation time of 4 clusters, on the hardware
used, was approximately 10 hours. Besides, we are developing a non-linear battery model, aiming to simulate more
accurately the non-linear eﬀects during the discharge process of the user’s battery.
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